consumers, like Daphnia (Larsson and Dodson, 1993) . Infochemicals from algae should inform Daphnia about the location, quantity and quality of algal food. In fact, in an innovative study, Van Gool and Ringelberg demonstrated that Daphnia are attracted by odours associated with edible algal food (Van Gool and Ringelberg, 1996) . Daphnia have been shown to distribute themselves horizontally to a larger extent in a chamber with high algal concentrations (Jakobsen and Johnson, 1987) or with algal extracts (Laurén-Määttä et al., 1997) . In food gradient experiments Daphnia showed the strongest aggregation response at intermediate food levels, and avoided high food levels (Neary et al., 1994) or aggregated in areas with the highest food concentrations Larsson, 1997) . Daphnia may perceive signals from toxic cyanobacteria as information associated with danger that may result in immediately reduced food intake (Haney et al., 1995) and altered swimming behaviour (Haney, 1993) . The potential ability of Daphnia to locate high-quality algal patches could greatly affect population dynamics and may be one of the factors involved in swarm formation. In that respect, it would be interesting to examine whether Daphnia are capable of distinguishing algae belonging to the same species but differing in palatability and quality. However, an alternative hypothesis is that Daphnia may not use infochemicals from algae, but the concentration of algal cells as the mechanism to locate these regions (Cuddington and McCauley, 1994; Neary et al., 1994; Larsson and Kleiven, 1996; Larsson, 1997) . Also, in the study of Porter et al., Daphnia appeared to be unable to locate and detect algal patches (Porter et al., 1982) and diaptomid copepods have also been reported not to respond to algal odours (DeMott and Watson, 1991) .
Daphnia may not only respond to food-odour, but also to odours from competitors and predators (Larsson and Dodson, 1993; Pijanowska, 1994; Kleiven et al., 1996) . Individual behaviour could affect the outcome of competitive and predator-prey interactions (Tollrian and Dodson, 1999) . The responses could result in altered horizontal distributions and the formation of swarms (Davies, 1985; Larsson and Dodson, 1993; Pijanowska, 1994; Kvam and Kleiven, 1995; Kleiven et al., 1996) . Such swarms can be viewed as a refuge to avoid predation (Milinski, 1977 (Milinski, , 1979 Heller and Milinski, 1979; Jakobsen and Johnson, 1988a; Young et al., 1994; Scheffer, 1997) , but at the cost of an increased exploitative competition (Tessier, 1983; Folt, 1987; Jakobsen and Johnson, 1988b) . The observation of Irvine that Daphnia aggregated more on calm days suggests a behavioural activity (Irvine, 1989) . Thus, in addition to those swarms formed passively by abiotic factors such as wind and water currents Edwards, 1973, 1976; Malone and McQueen, 1983) , zooplankton can actively form swarms as a result of biological interactions between organisms belonging to similar or different species in similar or different trophic levels. However, swarming strongly depends on food availability (Jakobsen and Johnson, 1987; Cuddington and McCauley, 1994; Neary et al., 1994; Kleiven et al., 1996) .
Since chemical messengers released from food, competitors and predators could be an important factor involved in active swarm formation (Larsson and Dodson, 1993; Pijanowska, 1994; Kleiven et al., 1996; Van Gool and Ringelberg, 1996) , the effects of different water types with potential odours on swimming behaviour of individual daphnids was examined. The Y-tube olfactometer, widely used in entomology (Takabayashi and Dicke, 1992) , and introduced in aquatic ecology by Van Gool and Ringelberg (1996) , provides us with a powerful tool by which to do this. In this study we tested the ability of Daphnia to respond to algal odours in lake water (I) and artificial medium (II), to algal cells and different algal concentrations (III), to 'algal colour' (IV), to the smell of competitors (V) and the scent of predators (VI), using a Y-tube olfactometer.
M E T H O D Y-tube olfactometer
The experimental design was comparable with that used by Van Gool and Ringelberg in their examination of whether Daphnia galeata ϫ hyalina can perceive odours of algae (Van Gool and Ringelberg, 1996) . The Y-tube olfactometer is a Y-shaped glass tube, with a diameter of 3.5 cm, having two arms 12 cm in length (at an angle of 70º) and one basal leg with a length of 13.5 cm (Figure 1 ). The two arms served as inflows for the two test-media that were pumped into the tube by two peristaltic pumps (Gilson Minipuls 3), each with a rate of 7.2 ml min -1 . Blue-coloured water added to one of the inflows resulted in a laminar pattern, which indicated that the two media did not mix during the experiments, but remained separated in the outflow-leg. The Y-tube was placed horizontally in a white bath containing the artificial freshwater COMBO-medium (Kilham et al., 1999) . The position was marked so that the tube could be placed in the same position in every experiment. About 60 cm above the bath a lamp provided illumination of 45 µmol quanta m -2 s -1 .
At the start of each experiment, the arms of the Y-tube olfactometer were connected to the two inflows. One Daphnia was placed in the leg, 4 cm from the end, and the leg was connected with the outflow. A cover was positioned over the bath so as to only allow light to pass through a small window above the place where the Daphnia was inserted in the Y-tube. The window served as an optical trap to ensure that each Daphnia started at the same position, and covered the full width of the tube, so that the Daphnia was able to contact both media during the incubation time of 5 min. In this way, the chance of a type I error (Sokal and Rohlf, 1981) , caused by the chance of a Daphnia not coming into contact with both test-media, was reduced. The 5 min incubation was too short to get one half of the Y-tube completely filled with the inflowing medium. Theoretically this should take about 25 min at the rate of 7.2 ml min -1 . However, the experiments with coloured water showed that after 5 min the colour had already reached the end of the tube. This indicates that test-water should also have reached the end of the tube after 5 min, and that the Daphnia should be able to come in contact with it.
The Daphnia was released by lifting the cover and was expected to swim against the current of the inflows due to rheotaxis. Daphnids that reached a distance of 9 cm into one of the inflow-arms were scored and marked, those that did not score after another 5 min were also marked.
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Each Daphnia was only used once and in one experiment about 40 animals were used.
After each run, the Y-tube was cleaned with hot water and a brush. After five runs the two inflows were changed to prevent possible position effects. The light field was checked after every 10 runs with a LICOR LI-185B photometer, and the inflow rates were checked with a 10 ml pipette.
The χ 2 test was used to test whether the Daphnia had made a significant choice. Because there are only two categories in the Y-tube distribution only one degree of freedom resulted, which made Yates' correction for continuity necessary (Fowler and Cohen, 1990) . The null hypothesis belonging to the experiments with the Y-tube olfactometer is given by: P(odour) = P(clean) = 0.5, which means that there is no preference for one of the two media.
Organisms
The green-alga Scenedesmus obliquus (formerly known as S. acutus) originated from the Max-Planck Institute for Limnology (Plön, Germany) and was cultured in a 1 litre chemostat on the artificial COMBO-medium (Kilham et al., 1999) , with a turnover time of 1 day. The chemostat was placed in a temperature-controlled room at 20°C with constant light of about 100 µmol quanta m -2 s -1 .
The cladoceran D. galeata ϫ hyalina (clone O2) was obtained from the culture collection of the University of Amsterdam (kindly provided by Dr T. Reede). This animal was cultured in aged and filtered lake Maarsseveen (MV) water and fed with S. obliquus. Daphnia magna was obtained from the Centre for Limnology (Nieuwersluis, the Netherlands) and Daphnia pulex G-clone originated from the culture collection of the Max-Planck Institute for Limnology (Plön, Germany). These two Daphnia species were cultured separately in artificial RTmedium (Tollrian, 1993) , and were fed with the green alga S. obliquus. All animal cultures were maintained in a temperature-controlled room at 20°C in low light with a day : night ratio of 16 : 8 h.
The invertebrate predator Chaoborus obscuripes and the planktivorous fish Leuciscus idus were maintained in 10 l aquaria on RT-medium and fed with juvenile (for Chaoborus) or adult Daphnia (for Leuciscus).
Experiments

Exp. I -Algal odour in lake water
These experiments were designed to repeat the experiments performed by Van Gool and Ringelberg (Van Gool and Ringelberg, 1996) . The D. galeata ϫ hyalina was offered the choice between filtered MV water and MV water with algal odour. S. obliquus was harvested from the chemostat, centrifuged at 2000 r.p.m. and resuspended with MV water. This procedure was repeated twice. The resuspended algae were then transferred into 5 l 0.45-µm-filtered MV water at a final concentration of 2 ϫ 10 4 particles ml -1 . The 5 l Erlenmeyer flask was incubated for 24 h at 20°C in continuous light of 100 µmol m -2 s -1 followed by a filtration to separate the algae from the MV water. This filtered 'algal-odoured' MV water was tested against clean filtered MV water. Prior to the experiment an experiment was conducted with only clean filtered MV water to test for possible environmentally induced position effects. The following experiments focused on the potential effect of odour from non-limited and nitrogen-limited S. obliquus on the swimming behaviour of D. magna and D. pulex. Nitrogen-limited algae were obtained by placing algae from the chemostat in a batch culture with COMBO-medium that contained NaCl instead of NaNO 3 . After 6 days the algae were strongly nitrogenlimited and could be used for the experiments. Algalodour of non-limited and nitrogen-limited algae was obtained by inoculation of S. obliquus in clean COMBOmedium (nitrogen-limited in medium with NaCl instead of NaNO 3 ) at a concentration of 1 ϫ 10 4 parts ml -1 . This density is about 0.25 mg C l -1 and was based on the Incipient Limiting Level (ILL) for D. magna grazing on S. obliquus (Muck and Lampert, 1984) . After 1 day of incubation the medium was filtered through 0.45 µm filters and the filtrate was immediately used in the experiments against clean 0.45-µm-filtered COMBO-medium. One day before the experiments, the daphnids were put in clean COMBO-medium with enough S. obliquus as food. Both Daphnia species were offered the choice between: (i) clean medium and 'algal odour', (ii) clean medium and 'odour from nitrogen-limited algae', and (iii) 'odour from nonlimited algae' and 'odour from nitrogen-limited algae'.
Exp. II -Algal odour in artificial medium
Exp. III -Algal cells
In this series of experiments D. magna was not exposed to 'odour', but to algal cells themselves. Since swarming strongly depends on food availability (Jakobsen and Johnson, 1987; Cuddington and McCauley, 1994; Neary et al., 1994; Kleiven et al., 1996) it was hypothesized that the behaviour of Daphnia in the Y-tube would depend on the hunger status of the animal. Therefore, one experiment (IIIa) was run with well-fed D. magna that were offered the choice between clean medium and medium with live S. obliquus cells (at 10 4 parts ml -1 , which equals 0.25 mg C l -1 ), while in another experiment (IIIb) starved D. magna was used. Starved animals were obtained by transferring them 2 days before the experiment into clean COMBO-medium without food.
In a third experiment (IIIc), D. magna was offered the choice between a low and a high food level to evaluate if the concentration of algal cells acts as a mechanism to locate regions with high algal concentrations [cf. (Cuddington and McCauley, 1994; Neary et al., 1994) ]. The algal concentrations were 5 ϫ 10 3 parts ml -1 (i.e. 0.5 ϫ ILL) in the low food inflow and 2 ϫ 10 4 parts ml -1 (i.e. 2 ϫ ILL) in the high food inflow.
A final experiment (IIId) was run with D. magna that had been placed for 24 h in an aquarium with two fish (Leuciscus), separated by a plankton-gauze. This experiment was run to evaluate a possible memory effect for fish kairomones [cf. (Ringelberg and Van Gool, 1995) ] which could influence the activity of the Daphnia.
In all experiments, except IIIc, the algal concentration used was 10 4 parts ml -1 . Moreover, in all experiments the swimming time of Daphnia was measured. This measurement started when the test organism crossed a line, marked 2 cm from the starting position (away from the end of the outflow-leg), and stopped when Daphnia had scored, or after 5 min. To test the differences in swimming time belonging to the choices for both media, the t-test for unequal variances and the Wilcoxon Rank Sum test were used.
Exp. IV -Algal colour
The fourth series of experiments was designed to evaluate whether fed (IVa) and starved (IVb) D. magna are capable of discriminating between clean medium and medium with a green colour or perhaps a 'chlorophyll-odour'. The colour of the S. obliquus was simulated by the chlorophyll a of the alga Anacystis ridulans (Sigma). The amount of chlorophyll a used in the test-medium was comparable to the amount of this pigment in a concentration of 10 4 parts (S. obliquus) ml -1 . Again, swimming speeds were determined.
Exp. V -The smell of competitors
In these experiments the behavioural response of D. magna and D. pulex in the Y-tube olfactometer to intraand interspecific infochemicals was examined. The Daphnia were investigated on their ability to distinguish between clean RT-medium and RT-medium that had contained conspecifics (Va) or congeners (Vb). Adding 600 well-fed Daphnia to 3 l clean RT-medium without any food produced the latter. After 24 h the animals were separated from the medium that was filtered through a 0.45 µm filter and used in the bioassay.
Exp. VI -The smell of predators
In these experiments the behavioural response of D. magna and D. pulex in the Y-tube olfactometer to chemicals released from an invertebrate predator (Chaoborus; Exp. VIa), and the behavioural response of D. magna to chemicals released from a vertebrate predator (Leuciscus; Exp. VIb) were examined. Large (± 3 mm body length) Daphnia were used in the experiments. It was hypothesized that Daphnia would respond more strongly to the fish-odoured medium than to the Chaoborus-odoured medium, because large Daphnia are more vulnerable to visually hunting fish than to Chaoborus, which has a preference for mediumsized (± 1.5 mm) Daphnia (Pastorok, 1981) .
For the production of 'odoured-medium', between 1100 and 1200 Chaoborus and two fish were transferred from the stock cultures into separate aquaria containing 3 l fresh RT-medium. After 24 hours the medium from the aquaria was filtered through a 0.45 µm filter and used in the experiments.
R E S U LT S Exp. I -Algal odour in lake water
The experiment with filtered Lake Maarsseveen water (MV) revealed no environmentally induced position effect; D. galeata ϫ hyalina had shown no preference for either of the two arms (Figure 2) . When offered the choice between filtered MV water and filtered 'algal-odoured' MV water, D. galeata ϫ hyalina again showed no preference for either of the two arms (Figure 2) . Hence, the null hypothesis could not be rejected.
Exp. II -Algal odour in artificial medium
The experiments with clean odourless medium in both arms of the Y-tube showed that the null hypothesis could not be rejected. D. magna and D. pulex showed comparable numbers of individuals scoring for either arm with 50-50% and 45-55%, respectively (n = 20). This indicates that no environmentally induced position effect was present during the experiments.
Offering the choice between clean medium and medium with odour from either non-limited or nitrogenlimited S. obliquus, revealed that both D. pulex and D. magna had no preference for the medium with infochemicals. When Daphnia could choose between two different qualities of S. obliquus, i.e. between medium that had contained non-limited and nitrogen-limited cells, the null hypothesis could not be rejected (Figure 3 ).
Exp. III -Algal cells
Well-fed D. magna had no preference for clean medium or medium containing algae (IIIa) (Figure 4) . The swimming speeds for animals with respect to the choice made were not significantly different (P = 0.68) ( Figure 5 ). Starved Daphnia, however, (IIIb) showed a different response. Twenty-five out of 30 animals (i.e. 83%) did not score, but did swim along the water current. From the five individuals that did score, four (80%) chose the medium with S. obliquus cells. When two different food levels were offered to D. magna (IIIc) the null hypothesis could not be rejected, although 63% (n = 38) of D. magna scored the higher concentration (Figure 4) . However, the swimming speed was significantly (P = 0.031) lower for animals in the high food concentration compared with the low algal concentration with means (± 1 SD) of 7.49 (1.30) and 12.12 (0.79) cm min -1 , respectively ( Figure 5) .
Daphnia that had been in an aquarium with fish (IIId) had no preference for either clean medium or medium with algae (Figure 4) . Thus again the null hypothesis could not be rejected. The swimming speeds were not significantly different (P = 0.25).
Exp. IV -Algal colour
Both experiments (IVa and b) showed that the null hypothesis could not be rejected (Table I) . In experiment IVa, D. magna that chose the medium with chlorophyll a swam significantly (P = 0.013) slower than those who preferred clean medium, with swimming speeds of respectively 4.52 (1.37) and 6.28 (1.27) cm min -1 ( Figure 5 ). In experiment IVb, the starved D. magna showed the same response as the starved Daphnia in experiment IIIb. A majority did not score, but wanted to swim along the current. The ones that did score were evenly distributed between the clean medium and the medium containing chlorophyll a. However, no significant differences in swimming speeds were detected (P = 0.14) (Figure 5 ).
Exp. V -The smell of competitors
Both Daphnia species showed no preference for either clean medium or medium that had contained conspecifics. By contrast, when medium previously inhabited by congeners was the alternative, D. magna significantly of Daphnia magna related to the specific choice for a medium in the Y-tube olfactometer, including P values of t-tests. In Exp. IIIa, IIIb and IIId, Daphnia were offered the choice between clean medium and medium with 10 4 particles ml -1 . In Exp. IIIc, medium with a low (5 ϫ 10 3 particles ml -1 ) or high algal concentration (2 ϫ 10 4 particles ml -1 ) was offered, while in Exp. IV the animals where offered the choice between clean or chlorophyll a-containing media.
chose the clean medium (Table II) . In this experiment, the null-hypothesis had to be rejected.
Exp. VI -The smell of predators
Offering both Daphnia species the choice between clean medium or medium with Chaoborus odour revealed that the animals had no preference or avoidance of either media. The null hypothesis could not be rejected. However, D. magna significantly avoided medium that had previously been inhabited by fish and chose the alternative clean medium (Table II) . Moreover, 18 out of 40 animals (i.e. 45%) did not score, but wanted to swim along the water current.
D I S C U S S I O N Algal odour
In their innovative study Van Gool and Ringelberg showed that Daphnia could distinguish between water with odours from different algae when clean odourless water was the alternative (Van Gool and Ringelberg, 1996) . This is in contrast with the results presented here, where Daphnia did not alter its horizontal swimming behaviour to the presence of 'infochemicals' from S. obliquus. Despite filtration of the MV water and collection in a dark flask, bacterial or photolytic degradation of the algal odours could have occurred, especially as almost 20 hours were needed to conduct the experiment with 59 animals. Another possibility may be that the odours are volatile and hence were lost from the vessel during filtration or that they were absorbed to the filter. Van Gool and Ringelberg (Van Gool and Ringelberg, 1996) had used 97 animals, but even if more than 200 animals in this study had been used it would not have yielded a significant preference. Although the angle of the two arms of the Y-tube showed a minor difference between the study of Van Gool and Ringelberg, i.e. 75° (Van Gool and Ringelberg, 1996) and this study, i.e. 70°, this is not a likely reason for the difference in results. The possibility remains that the aged lake water still contained several potential cues and that it differed in composition between the two studies. Therefore, JOURNAL OF PLANKTON RESEARCH VOLUME  NUMBER  PAGES -  the use of an artificial medium is required to ensure a constant quality of the medium.
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Algal cells and colour
The Y-tube olfactometer has proved to be very useful in entomological research. However, an important difference between chemical information transfer in air and water is that in the water the diffusivity of a molecule is significantly lower than in the air. According to Strickler (Strickler, 1975) this diffusivity is smaller than the speed of a planktonic animal, implying that it would not recognize conspecifics, competitors, or predators head on, but rather by swimming in their wake. For algae the question arises of whether Daphnia are capable of smelling the algae from a distance, as most of the algae wander through the water column by the mercy of water movements. Therefore, algae and their exudates may not be spatially separated to a great extent. Moreover, as Daphnia respond to algal odour they should also respond to the algal cell itself, but in the experiments employed in this study they did not. On these aspects conflicting reports appear from literature. Daphnia may be attracted by odours associated with edible algal food (Van Gool and Ringelberg, 1996; Laurén-Määttä et al., 1997) , by high algal concentrations (Jakobsen and Johnson, 1987; Larsson and Kleiven, 1996; Larsson, 1997) , by intermediate food levels (Neary et al., 1994) , by the concentration of algal cells rather than the presence of algal odours (Cuddington and McCauley, 1994; Neary et al., 1994; Larsson and Kleiven, 1996; Larsson, 1997) , or they may not be attracted at all (Porter et al., 1982) . In the latter study, Daphnia appeared unable to locate and detect algal patches. When in our experiment two different food concentrations were available D. magna did not adjust its horizontal position towards one of the concentrations. As neither of the concentrations was unfavourable and the animals had been grown with sufficient food, the animals' expectation of future rewards could have been high, resulting in no preference (Plath, 1998) .
The swimming speed, however, was significantly reduced when swimming in the medium with the higher concentration of algae. Similar observations have been made for D. pulex and D. magna, which reduced their horizontal swimming speed in high food concentrations (Cuddington and McCauley, 1994; Larsson and Kleiven, 1996) . Also, both the rate of turning and the vertical component of swimming in D. magna have been reported to decrease at increased food levels (Young and Getty, 1987) . In the study of Larsson and Kleiven (Larsson and Kleiven, 1996) , not all Daphnia concentrated in the high food area, which was explained from the absence of a directed food search, guided by visual and chemical cues. They suggested that Daphnia are able to alter their behaviour in response to the change in filtering rate or how much food has been collected in the gut: an explanation that has also been suggested by others (Cuddington and McCauley, 1994; Plath, 1998) .
Also in the presence of chlorophyll a D. magna altered their swimming speed. This indicates that Daphnia can detect the green colour or associated odour. Optical cues could provide Daphnia with important information in their food search (Young, 1974; Young et al., 1984) . However, in our experiments they did not have a preference for the green-coloured medium.
In these experiments it did seem that D. magna was capable of perceiving signals from the environment concerning algal concentration and green colour/chlorophyll a-related odour, but only when they were inside such an environment. They did not adjust their horizontal distribution towards it. It does seem that in Daphnia the use of optical and chemical cues in locating algal patches is of minor importance, but that alternatively the mechanism used by Daphnia to locate the algae is linked to their feeding activity (Cuddington and McCauley, 1994; Larsson and Kleiven, 1996; Larsson, 1997) . The lower swimming speed in the high algal concentrations suggests that as a result aggregation in high food regions could occur.
Starved animals hardly swam upstream which could indicate a diminished rheotaxis. In their study, Cuddington and McCauley (Cuddington and McCauley, 1994) noted that the ability of Daphnia to locate local regions of high food depended on the food concentration. At low food conditions the animals were not able to find these high food regions.
The smell of competitors
Daphnia responded to medium that contained odours from congeners, but not conspecifics, which may suggest the existence of species-specific compounds or alternatively may reflect a concentration effect. Nevertheless, D. magna responded with preference for the clean medium when medium with odours from congeners (D. pulex) was the alternative. There are a few indications for the existence of different competitor infochemicals (Goser, 1997) . Such 'crowding chemicals' from D. magna are unstable (Goser and Ratte, 1994; Goser, 1997) , but crowding chemicals from D. pulex remain active for prolonged periods (Goser, personal communication) . Hobaek and Larsson (1990) reported a different response for reproduction of D. magna to crowded medium from conspecifics (slightly stimulating) and the congener D. pulex (strongly inhibiting) (Hobaek and Larsson, 1990) . In rotifers also the intraspecific effects on fecundity were weaker than the interspecific (Halbach, 1969) .
The experimental animals were well fed, but the runs
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were performed in medium without any food. Since the dispersal of aggregated animals has been shown to depend strongly on the food availability ( Jakobsen and Johnson, 1987; Cuddington and McCauley, 1994; Neary et al., 1994; Kleiven et al., 1996) , a possible influence of the absence of food cannot be ruled out. However, then one could also expect a swim-away response when exposed to medium from conspecifics, because feeding in Daphnia may be reduced by excretory products released from both congeners (Matveev, 1993) and conspecifics (Helgen, 1987) . In contrast to the reported aggregation of Daphnia after exposure to cues related to conspecifics (Larsson and Dodson, 1993) , in this study indications for the opposite were derived. Not only exploitative competition in swarms, but also chemicals released from competitors may affect population growth of Daphnia (Hobaek and Larsson, 1990; Matveev, 1993; Goser and Ratte, 1994; Burns, 1995 Burns, , 2000 . Thus, inside swarms Daphnia may experience reduced food availability and be exposed to allelochemicals, implying that swarming would only be beneficial when the benefits outbalance the costs, which is in patches with high algal food concentrations and under severe predation pressure from visually hunting predators.
The smell of predators
Predation is a strong selective force and Daphnia have to cope with a variety of size-selective predators (Tollrian and Dodson, 1999) . The small invertebrate predator Chaoborus uses mechanoreceptors to detect Daphnia, but strike efficiency decreases with Daphnia size (Pastorok, 1981) . Morphological defences make Daphnia more difficult to handle or ingest and are most suited to resist invertebrate predation (Tollrian and Dodson, 1999) . By contrast, visually hunting predators, such as fish, will more easily detect large Daphnia, which favours the evolution of avoidance strategies. Several behavioural strategies have been reported, such as diel vertical and horizontal migration, shore avoidance, swarming and reduced activity (Tollrian and Dodson, 1999) . The results in this study follow the expectations that large Daphnia, virtually immune to invertebrate predators, will show no behavioural response to infochemicals from these predators, whereas fish chemicals will result in strong avoidance behaviour. Of the animals that did made a choice, 82% chose the fish-free medium. A considerable percentage (45%) of all the Daphnia used did not score, but wanted to swim along the water current, which could reflect a decreased activity and swimming speed or a more active swim-away response.
Conclusions
The results obtained in this study did not support the hypothesis that Daphnia may locate algae using odours, but rather suggest that they adjust their swimming speed in areas with high algal concentrations. We also found evidence that Daphnia may avoid medium or areas inhabited by competitors and predators. The responses observed could result in aggregation of animals by reduced swimming speed at high algal densities and by avoidance of areas with predators. When these cues have become less important due to food depletion and decreased predation pressure, the competitor-related cues would tend to result in desegregation.
With a Y-tube a significant choice between two differently treated media may be found, but when Daphnia do not make a choice, this could still imply that the animals perceive the infochemicals but simply do not respond to them. Only when Daphnia show a clear response can something be said about the behaviour of the test organism. To tackle this problem, and to deal with unexpected phenomena such as the loss of rheotaxis in starved animals or in experiments with fish-odour, it might be important to use a different method than the Y-tube olfactometer, such as a multi-channel circular flow-through chamber (Cuddington and McCauley, 1994; Larsson and Kleiven, 1996; Larsson, 1997) , including interactions among organisms.
